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© A process for the preparation of aromatic ureas. 

© A process for preparing aromatic ureas having the genera! formula I: 



N - C - N 

M 
O 



(I) 



wherein each of R' and R J independently represents a hydrogen atom, an alkyl or cycloalkyl group, R 
represents an optionally substituted aryl or heteroaryl group, and fi* represents an alkyl, alkenyl, alkynyl or 
alkoxy group, or an optionally substituted cycloalkyl. aryl or heteroaryl group, which process compnses 
reacting an aromatic amine having the general formula II: 
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in 
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N - H 



(ID 



wherein R' and R 2 are as hereinbefore defined, or a symmetrical aromatic urea having the general formula 



R 1 R 
\ ' 

N - C - N 

r 2/ a v * 2 
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EP 0 395 144 A1 



wherein R 1 and R 2 are as hereinbefore defined, with an amine having the general formula IV: 




(IV) 



wherein R 3 and R A are as hereinbefore defined, and carbon monoxide in the presence of a catalyst 
comprising: 

a) palladium; 

b) an organo-nitrogen or organo-phosphcrous ligand having a lone pair of electrons; and 

c) a metal salt comprising a cation of a metal selected from the group consisting of copper, iron, 
vanadium chromium, zinc, tin, uranium and cerium, and an anion of an acid having a pK of less than 2. 
except of a hydrohalogenic acid. 
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A PROCESS FOR THE PREPARATION OF AROMATIC UREAS 



The present invention relates to a process for the preparation of aromatic ureas and to aromatic ureas 
prepared by means of such a process. 

Aromatic ureas are a known class of commercially available compounds, finding particular use as 
herbicides Hitherto, processes for the manufacture of aromatic ureas have frequently required the use of 
environmentally unacceptable compounds, for example phosgene. There is. therefore, a need to prov.de a 
orocess for preparing aromatic ureas that is not reliant on the use of such compounds. 

P Giannoccaro {Journal of Organometallic Chemistry. 336 (1987). 271-278) has proposed a process for 
the preparation of N.N'-disubstituted ureas in which aromatic and aliphatic primary amines in alcohol 
solution are reacted with carbon monoxide and oxygen under mik! conditions in the presence of catalytic 
amounts of palladium (II) chloride or a palladium (II) complex. Under more severe conditions of temperature 
and pressure carbamate esters are said to be obtained. The best yields are stated to have been obtained 
using a catalyst system comprising copper (II) chloride as a co-catalyst. 

In relation to the preparation of carbamate esters. Japanese patent application publication No. 60-139 
659 (JP-A-60-139 659) discloses a process for preparing urethanes (carbamates) m which a primary or 
secondary amine is caused to react with carbon monoxide and an organic hydroxyl compound m the 
presence of an oxidising agent and a catalyst comprising a platinum-group metal or platinum-group meta 
compound, at least one halogen compound and at least one chelating reagent A number «*™™* s< * 
using a catalyst comprising a halogen compound are discussed in the specfication of JP-A-6CM39 659. For 
example, chlorides are said to be responsible for a large amount of corrosion in reaction vessels and 
pipework and are difficult to remove from the products of the reaction. However, the speof.cat.on d.sc oses 
that the halogen compounds play an important role in the reaction by acting as promoters. Therefore m 
spite of the drawbacks associated with the use of halogen compounds, the processes disclosed and 
exemplified In JP-A-BO-139 654 all rely on the use of a catalyst comprising a halogen compound as a 
p cmofc or co.cata.yst. Platinum-group metals listed in the specification of JP-A-60.,39 i 9 as bemg for 
Sse in the catalyst are palladium, rhodium, platinum, ruthenium, indium and osmium. w.th platinum and 
hodium being especially' preferred. Halogen compounds may be either organ* or inorganic wi ^ me*, 
halides being preferred. Possible metal halides for use in the process include hahdes of alkali metals. 
SXZth metals, copper, silver, zinc, cadmium, mercury, aluminium, potassium. tha»ium. german.unr 
TZ antimony, bismuth, titanium, zirconium, vanadium, niobium, tantalum. ttfuriun ^chromium. 
denum. tungsten manganese, rhenium, iron, cobalt, nicke. and rare-earth metals. Hahdes of a*a meta* 
and alkalineUrth metals are particularly preferred. Chelating reagents for use in the process c J. JP^-60 
f 3 9 659 are described as being compounds having two or more coordinate groups ,n one Ugandan .of 
the coordinate groups is preferably a tertiary amino group, a nitrogen-containing aromafc ring or an oxirr^ 
SSjJin preferably mo.ecu.ar oxygen and/or organ, n,tro compounds. w,th molecular oxygen 

^TZ^Tcnte use of meta. haHdes as co-catalysts or promoters can be found, for example in 
Japanese ^ applicatJon publication No. 58-144 363 (JP-A-58-m 363) which disposes a process for 
te preparation of Jreas comprising reacting a primary or secondary amine with carbon 
presence of oxygen using a catalyst system containing at least one of the platinum group of metals or 
Jlm^unrjs thereof and at least one halogen compound. Preferred platinum group metals are sa.d to be 
SEuTand" e° ium Preyed halogen 9 compounds are stated to be metal halides. 
compounds or compounds capable of producing halogenated onium compounds, or organic ha.ogen,ses. A 
catatvst system comprising palladium black and cesium iodide is specifically exemplified. 
^KZSm £ been found that a palladium catalyst which comprises a l-gand and wh,ch. co t rary 
to S ot lh prior art discussed above, is not reliant on the presence of a halide as a con* ays 
can oe used to prepare certain ureas in high yields, whilst at the same time overcoming the problems 
associated with using a metal halide as co-catalyst. 

Acctding to the present invention there is provided a process for preparing aromat.c ureas hav,ng the 

general formula I: 
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H - C - M (I) 
R 2/ 0 R 

wherein each of R 1 and R 2 independently represents a hydrogen atom, or an allcyl or cycloalkyl group. R 2 
represents an optionally substituted aryl or heteroaryl group, and R* represents an alkyl, alkenyl. alkynyl or 
alkoxy group, or an optionally substituted cycloalkyl. aryl or heteroaryl group, which process comprises 
reacting en aromatic amine having the general formula II: 

» K - H (") 

j 0 wherein R' and R 2 are as hereinbefore defined, or a symmetrical aromatic urea having the general formula 



n 1 y 



» N - C - N (HI) 



wherein R' and R 2 are as hereinbefore defined, with an amine having the general formula JV: 



R 3 



30 



M - H (IV) 

35 „4 / 



wherein H» and R* are as hereinbefore defined, carbon monoxide and oxygen in the presence of a catalyst 
comprising: 

a) palladium; . . . , . , 

b) an organo-nitrogen or organophosphorous ligand having a lone pair of electrons: and 

c) a metal salt comprising a cation of a metal selected from the group consisting i of copper^ iron, 
vanadium, chromium, zinc. tin. uranium and cerium, and an anion of an acid having a pK of less than 2. 



40 



SO 



ss 



except of a hydrohalogenic acid. „, a 

The starting materials for the process of the present invention may comprise an aromafc am.ne or a 

symmetrical aromatic urea or a combination of an amine and its corresponding 

Alky, and alkoxy groups preferably have from 1 to 12 carbon atoms, espeaa y 1 to 6 carbon atoms. 

Alkenyl and alkynyl groups preferably have from 2 to 12 carbon atoms, especially 2 to 6 carbon atoms. 

Sky. groui preferaWy have from 3 to 10 carbon atoms, especially 3 to 8 carbon atoms. Alky., alkoxy. 

aitenvl and aikvnvl Groups may be straight chain or branched. 

Z^sZ^or cU^ary. and heteroaryl groups may be independently selected M£m 

halogen atoms, especially fluorine, chlorine and bromine and alky., hatoaiky. a. koxy. carboxy 

aminocarbonyloxy groups, and aryl and heteroaryl groups themselves optionally substituted by one or more 

^S^XSSZ halogen atoms and alkyl. haloalky, and alkoxy groups. Alky.. 

glps when present as substituents preferably have from 1 to 4 carbon atoms especially 1 or 2 carbon 

^Preferably each of R' and R» independently represents a hydrogen atom, a alkyl group or a C,-« 
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cycloalkyl group. Most preferably each of R' and R 3 independently represents a hydrogen atom or methyl. 

Preferably R* represents an optionally substituted phenyl group or nitrogen-containing heteroaryl group, 
for example isoxazolyl. triazinyl and oxadiazolyl. Most preferably R* represents a phenyl group bearing one 
or more substltuents selected from halogen atoms, especially chlorine and bromine, alkyl, especially 
s methyl, alkoxy, especially methoxy. and haloalkyl, especially trifluoromethyl. 

R* preferably represents an alkyl. alkoxy, alkenyl or alkynyl group or an optionally substituted cycloalkyl 
or phenyl group. Most preferably R* represents a methyl or methoxy group or a phenyl group bearing one 
or more substituents selected from halogen atoms, especially chlorine or bromine, alkyl, especially methyl, 
alkoxy. especially methoxy and haloalkyl. especially trifluoromethyl. 
to Aromatic ureas of particular commercial significance are those having herbicidal activity. Examples of 
such aromatic ureas include N'-(4-chlorophenyl)-N.N-dimethylurea. N'-(3-chloro-4-methylphenyl)-N : N- 
dimethylurea. N'-[4-(4-methoxyphenoxy)phenyl]-N,N-dimethylurea. N'-(3.4-dichloroprienyl)-N,N- 
dimethylurea. n'-[5-(1 .1-dimethylethylh3-isoxazolyl]-N.N-dimethylurea, N -(3.4-dichtorophenyl)-N-methoxy- 
N-rnethylurea, N-(4-bromophenyl)-N-methoxy-N-methyiurea. N'-(3.4-dichlorophenyl-N-butyl-N-methylurea, 
N-[(4-chlorophenyl)methyl]-N-cyclopentyl-N'-phenylurea, N-{2-methylcyclohexyl)-N -phenylurea. Therefore, 
the process of the present invention is particularly useful when the aromatic amine, and/or symmetrical 
aromatic urea, and the amine are selected to produce such a compound. 

The aromatic amines, symmetrical ureas, and primary and secondary amines used as starting materials 
in the process according to the present invention are either commercially available compounds or can be 
20 readily obtained by standard preparative methods. 

The process of the present invention is carried out in the presence of a catalyst comprising palladium. 
The palladium may be present in the form of palladium metal, preferably deposited on an inert carrier, for 
example alumina or carbon. Alternatively, the palladium may be present as palladium compounds, in 
particular complexes or salts of palladium. If the palladium is present as a palladium compound, the 
2S compound is preferably soluble in the reaction mixture. 

Suitable palladium salts include palladium chloride, palladium bromide, palladium iodide and palladium 
carboxylates. for example palladium acetate, palladium propionate and palladium isobutyrate. The preferred 
salts are palladium carboxylates. Especially preferred is palladium acetate. Examples of suitable complexes 
of palladium include palladium acetylacetonate. sodium tetrachloropalladate, potassium tetrachloropalladate. 
30 and potassium tetraiodopalladate. ,„„„««, 
The quantity of palladium used In the process is not critical, but is conveniently in the range of 0.001 -o 
w.w to 10% ww palladium metal and/or palladium compound, in particular in the range of 0.005% ww to 
3% w w palladium metal and-or palladium compound, calculated on the amount of aromatic amine or 

symmetrical aromatic urea present . 
35 The catalytic system further comprises an organo-nitrogen or organo-phosphorous ligand having a lone 

pair of electrons. 

Suitable organo-phosphorous ligands which may be used in the process of the present mvention 
include phosphites and tertiary phosphines of the general formula P.OR'.OR-.OR* or PR'R b R c , wherein 
each of R' R" and R e independently represents an alkyl. cycloalkyl. aryl, alkaryl or aralkyl group each 

« having up to 1 0 carbon atoms, optionally substituted by one or more substituents selected from fluorine and 
chlorine atoms, alkoxy and aryloxy groups each having up to 10 carbon atoms, in particular methoxy and 
phenoxy groups, cyano groups, and groups of formula -PR'A": or R* and R b together with the interjacent 
heteroatom together represent a heteroaryl group. Preferred monodentate organophosphorus compounds 
include trimethyfphosphine. triethylphosphine. tri-n-butylphosphine and triphenylphosph.ne. Examples of 

45 suitable bidentate phosphorus-containing ligands are 2-dimethyl-2-(methyldiphenylphosphlno).i.3.d.- 
{diphenylphosphino)propane. tetramethyl diphosphinoethane. tetramethyl diphosphinopropane. tetraethy 
diphosphinoethane. tetrabutyl diphosphinoethane. dimethyl diethyl diphosphinoethane. tetrapheny 
diphosphinoethane, tetraperfluorophenyl diphosphinoethane. tetraphenyl diphosphinopropane, tetrapheny 
diphosphinobutane. dimethyl diphenyl diphosphinopropane. tetratolyl diphosphinoethane. ditolyl d.phenyl 

so diphosphinoethane. tetratrifluoromethyl diphosphinotetrafluoroethane, tetraphenyl diphosph.noethene and 
derivativ-s thereof and U-bis-(dlphenylphosphino)benzene and derivatives thereof. Preferred are 
tetraphenyldiphosphinobutane. tetraphenyl diphosphinoethane and tetraphenyl diphosphinopropan . 

Organo-nitrogen ligands which may conveniently be used in the process of the present invention 
include mono-, bi-, or poly-cyclic systems containing one or more nitrogen atoms. Systems containmg 1 or 

55 2 nitrogen atoms are preferred. Such cyclic organo-nitrogen compounds are preferably those having the 
general formula V or VI: 
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A A 

N « C - C » M (V) 



X 

N - N CH (VI) 



10 wherein each of X and Y. which, in formula V. may be the same or different, represents a bridging group 
containing 3 or 4 atoms in the bridge of which at least 2 are carbon atoms. Any atoms in the bndgmg 
groups X and Y other than carbon atoms are preferably nitrogen atoms. In compounds having the general 
formula V X and Y may be bound to each other by means of a connection in addition to that already 
formed by the carbon atoms shown in formula V. X and Y in formula V are preferably the same. The cyclic 

,s systems of formula V and VI are preferably aromatic. Preferred organo-nitrogen ligands are those having 

the general formula V. . 

Specific examples of suitable organo-nitrogen compounds include pyrrole, pyridine, pyrimidine, pnenan- 
throline. pyrazine. benztriazole. 2.2'-dipyridyt. 2.2-biquinoline. bis-pyridylketone. bis-pyndylglyoxal. and 
their alkyl-substituted derivatives. Analogous compounds containing other substituents, for example sul- 
20 phonyl. carbonyl. alkoxy and halide moieties may also be used. The preferred compounds are 1.10- 
phenarithroline, 2,2'-dipyridyl. pyridine and alkyl-substituted pyridines such as the various picohnes. for 
example alpha-picoline. 

Preferred ligands are bidentate ligands. the nitrogen based ligands being especially preferred. The most 
preferred ligands are 1,10-phenanthroline and 22-dipyridyl. 
» The ligand is generally present in a sufficient amount to give a molar ratio of ligand to palladium metal 
and/or palladium compound of from 0.5:1 to 30:1 preferably of from 5:1 to 20:1 . . 

The catalytic system used in the process of the present invention further comprises a metal salt 
comprising a cation of a metal selected from the group consisting of copper, iron, vanadium, chromium 
zinc tin. uranium and cerium. The preferred metals are copper, iron, chromium and uranium. Most 
» preferred are the cations of copper, especially the copper (II) cation. The metal salt further comprises an 
anion of an acid having a pK of less than 2. except an anion of a hydrohalogenic acid. Preferred anions are 
those of sulphuric acid, fluoroboric acid, p-toluene sulphonic acid and alkyl substituted derivabves thereof, 
and perchloric acid. The most preferred anion is that of p-toluene sulphonic acid. Other anions that may 
also be used include those of benzene sulphonic acid, naphthalene sulphonic acid, 2.4,5-trichlorobenzene 
35 sulphonic acid, or corresponding bromb- and fluoro-analogues. 

Examples of suitable metal salts include copper (I) tosylate. copper (II) tosylate. copper (II) chlorate, iron 
(II) chlorate, copper (II) fluoroborate. tin (IV) sulphate and uranium (IV) sulphate. The most preferred metal 
salt is copper (II) tosylate. , ^. ... , 

Aromatic ureas are prepared by reacting an aromatic amine or a symmetnca aromatic urea with a 
<° primary or secondary amine, oxygen and carbon monoxide in the presence of the catalytic system 

^Mo? famine to be reacted may be present, with the aromatic amine or symmetrical aromatic urea, 
at the start of the reaction. However, it is preferred that the amine is added continuously or port.onw.se 
during the period of the reaction. Continuous addition of the amine is especially preferred. 

« The preferred rate of supply of the amine to the reaction mixture will depend upon the partocular 
reactants and reaction conditions selected, and is readily determined by routine ex P e " menta t |0n M 

Preferably the amine is supplied over at least 40%. more preferably at least 50% of the penod of the 
reaction. In certain cases it may be advantageous to supply the amine over at least 80',. and even up to 
100% of the period of the reaction. . 

» The amine may be supplied in a molar amount less than the molar amount of the aromat.c amine, but 
preferably in a molar amount at least equal to the molar amount of the aromatic amine. 
P Carbon monoxide and oxygen may be supplied by passing the gases into the reaction m^dunng 
the period of the reaction, preferably throughout the period of the reaction Oxygen may be suppHed I in the 
form of pur oxygen gas or en oxygen-containing stream, most conveniently as air The oxygen and ca^on 

» men xide streams may be supplied separately to the reaction mixture or. alternatively, may b combined. 
Z£ carbo' monoxide and air tor supplying to the reaction mixture contain, 

ahriut as% vol carbon monoxide and about 1 5% vol air. 

The ^ ma|| be performed in the presence of a solvent. Suitable solvents include any unreactive 
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organic solvent, such as halogenated hydrocarbons, for example chloroform. 1 ,2-dichloroethane. chtooben- 
zene and the three dichlorobenzenes; hydrocarbons, for example h xane. cyclohexane. octane, benzene, 
toluene and the three xylenes; ethers, for example diethyl ether, tetrahydrofuran. dioxane and anisole; and 
esters such as ethyl acetate. Preferred solvents are xylene, chlorobenzene. and the three dichlorobenzenes. 
A particularly preferred solvent is i.2-dlchloroben2ene. 

The process is preferably effected at a temperature up to 175 C. Preferred temperatures are m the 
range of from 70*C to 160* C. particularly lOO'C to ISO C The process may be earned out a 
atmospheric pressure except when the desired operating temperature exceeds the boiling temperature of 
the ruction mixture, when it will be necessary to employ elevated pressures. However, the .process is 
preferably carried out at elevated pressures, for example up to 150 bar, more preferably in the range of 



^tL^sS invention will be further illustrated by the following Examples. Products of the process were 
identified by high performance liquid chromatography (HPLC) via comparison with authentic samples. 

Preparation of Palladium acetate/copper tosylate;2.2'-dlpyrldyl catalyst 
Cooper (II) tosylate was prepared using the following procedure: 

P tolueneiulphonic acid (20g) was added to water (500m.) and the resulting so.ut.on : strred whi. 

a, heating to 50' C. Powdered copper (.» hydroxide was slowly added to the solution^ during ^ ^ pH of 
the solution was monitored. Addition of the copper (II) hydroxide was stopped when the pH of the solution 
reached 7 (after the addition of about lOg of hydroxide). The resulting m.xfcre was code Mo ambient 
temoerature (20* C) and filtered. The solvent of the filtrate was evaporated leaving a solid res.due. The 
reSue was dL in a vacuum oven at 40*C to g»e green-blue crystals of copper (II) tosylate contamng 

2S approximately 1 0% water in a yield of 2lg. 



Example 1 



Preparation of N'»(4-chlorophenyl)-N,N-dimethylurea 

Nitroaen was passed through a stainless steel autoclave to render the atmosphere within the autoclave 

35 (2 5mmoles- 0.42g) were dissolved in 1 .2-dichlorobenzene (70ml) and added to the * 
StaZlta (25mLes: 3.1 9g) was added and the resulting mixture heated to 130 C. A mixture of 85 * 
^eM^crto and 15% vol air was flushed through the resulting mixture at a pressure of 6 bar and 
at a ftwTa t7of ^rS. Th. reaction was allowed to proceed for 6 hours, after which time the ^conversion 
o JSoZSmL 65%. The supply of the carbon monoxide*, mixture was ^J**""^ 

40 mixture was flowed to stand overnight at ambient temperature (20 C). The mixture was to 130 C 

and a mixture of 85% vol carbon monoxide and 15% vol air once again passed into the reaction mixture at 
a pressure of 6 bar A solution of dimethylamine (25mmo.es; il25g) in 1.2-dich.orobenzene 8ml) was 
a pressure oi o uoi. * addition of the d methylamine had been 

and 2 mmoles respectively. 



so Example 2 



55 



Preparation of N-CS-p ,l-d»rnethyiethyl)-3>isoxa2olyl VN,N>dimethylurea 
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140* C A mixture of 85% vol carbon monoxide and 15% vol air was passed into the resulting mixture at a 
pressure of 11 bar and a flow rate of 6 Nl/hr. A solution of dimethylamine (5lmmoles; 2.3g) in U- 
dichlorobenzene (i6ml) was continuously added slowly over a period of 6 hours. Once addition of the 
dimethylamine solution had been completed, the resulting mixture was analysed by HPLC. The analyses 
showed a 50% conversion of 5-(l.l-dimethytethyl)-3-isoxazoleamine yielding N -(5-(l,i-dimethylethy0-3* 
isoxazolyl)-N.N-dimethylurea and N.N-bis (5-(1.1-dimethylethyl)-3-isoxazolyl)urea in a yield of 13 mmoles 
and 3.5mmoles respectively. 



io Claims 

1. A process for preparing aromatic ureas having the general formula I: 



, 5 Rt R 



1 P 3 

- C - CD 
A N P« 



20 



wherein each of FT and R* independently represents a hydrogen atom, an alkyl or cycloaJkyl group R 
represents an optionally substituted aryl or heteroaryl group, and R* represents an alkyl. alkenyl. alkynyl or 
alkoxy group, or an optionally substituted cycloalkyl. aryl or heteroaryl group, which process compnses 
reacting an aromatic amine having the general formula II: 

25 

N - H (ID 

R 2/ 

wherein R' and R J are as hereinbefore defined, or a symmetrical aromatic urea having the general formula 



35 



R 1 R 1 



R 0 R 



N - C - N (HI) 
2/ « 



wherein R* and R 2 are as hereinbefore defined, with an amine having the general formula IV: 



R 3 



K - H (IV) 
so 

wherein R> and R* are as hereinbefore defined, carbon monoxide and oxygen in the presence of a catalyst 
comprising: 

b) w'Jrgan^-nitrogen or organophosphorous ligand having a lone pair of electrons; and 
55 c a metal salt comprising a cation of a metal selected from the group iconsist.n , of <^"»> 

vanadium, chromium, zinc tin. uranium and cerium, and an anion of an acd havng a pK of less than 2, 
except of a hydrohalogenic acid. 
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2. A process according to claim 1, wherein the catalyst comprises an organo-nitrogen ligand having the 
general formula V: 

/-\ - C - N (V) 

in which X and Y represent the same or diHerent bridging groups each, of which has 3 or 4 atoms in the 
bridge of which atoms at least two are carbon atoms and which groups X and Y may be bound to each 
other by means of a connection in addition to that already formed by the carbon atoms shown in formula V. 
3 A process according to claim 1 or 2. wherein the catalyst comprises a salt or complex of palladium. 
4'. A process according to any one of claims 1 to 3. wherein the metal salt comprises a canon of 

C ° P Ta process according to any preceding claim, wherein the metal salt comprises an anion of the group 
consisting of sulphate, hydrocarbylsulphonates, fluoroborate and perchlorate. 
6 A process according to claim 5, wherein the anion is tosylate. 

7. A process according to any preceding claim, wherein the reaction is effected in the presence of a 

chlorobenzene as solvent. , . n 

8. A process according to any preceding daim. wherein the pressure is in the range of from 3 to isa 

bar- 9. A process according to any preceding claim, wherein the temperature is in the range of from 70* C 

10 1 ^0. A process according to any preceding claim, wherein the carbon monoxide is passed into the 
reaction mixture continuously during the period of the reaction. ,, , „ 

25 11. A process according to any preceding claim, wherein the amrne .s supplied continuously or 
Dortionwise during the period of the reaction. „„ ln * „ f 

12. A process according to claim 11. wherein the amine ,s supplied over at least 50% of the penod of 

the reaction. 

30 
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Descrlpti n 



The present invention relates to a process for the preparation of aromatic ureas and to aromatic ureas pre- 
pared by means of such a process. 
5 Aromatic ureas are a known class of commercially available compounds, finding particular use as herbi- 
cides. Hitherto, processes for the manufacture of aromatic ureas have frequently required the use of environ- 
mentally unacceptable compounds, for example phosgene. There Is, therefore, a need to provide a process 
for preparing aromatic ureas that Is not reliant on the use of such compounds. 

P. Giannoccaro (Journal of Organcmetallic Chemistry, 336 (1987), 271-278) has proposed a process for 
10 the preparation of N.N'-dlsubstituted ureas in which aromatic and aliphatic primary amines In alcohol solution 
are reacted with carbon monoxide and oxygen under mild conditions in the presence of catalytic amounts of 
palladium (II) chloride or a palladium (II) complex. Under more severe conditions of temperature and pressure 
carbamate esters are said to be obtained. The best yields are stated to have been obtained using a catalyst 
system comprising copper (II) chloride as a co-catalyst. 
15 In relation to the preparation of carbamate esters, Japanese patent application publication No. 60-1 39 659 

(JP-A-60-1 39 659) discloses a process for preparing urethanes (carbamates) in which a primary or secondary 
amine is caused to react with carbon monoxide and an organic hydroxyl compound in the presence of an ox- 
idising agent and a catalyst comprising a platinum-group metal or platinum-group metal compound, at least 
one halogen compound and at least one chelating reagent. A number of drawbacks of using a catalyst com- 
20 prising a halogen compound are discussed in the specification of JP-A-60-1 39 659. For example, chlorides 
are said to be responsible for a large amount of corrosion in reaction vessels and pipework and are difficult 
to remove from the products of the reaction. However, the specification discloses that the halogen compounds 
play an important role in the reaction by acting as promoters. Therefore, in spite of the drawbacks associated 
with the use of halogen compounds, the processes disclosed and exemplified in JP-A-60-1 39 659 all rely on 
25 the use of a catalyst comprising a halogen compound as a promoter or co-catalyst. Platinum-group metals listed 
in the specification of JP-A-60-1 39 659 as being for use in the catalyst are palladium, rhodium, platinum, ru- 
thenium, iridium and osmium, with platinum and rhodium being especially preferred. Halogen compounds may 
be either organic or inorganic, with metal halides being preferred. Possible metal halides for use in the process 
include halides of alkali metals, alkaline-earth metals, copper, silver, zinc, cadmium, mercury, aluminium, po- 
30 tassium, thallium, germanium, tin, lead, antimony, bismuth, titanium, zirconium, vanadium, niobium, tantalum, 
tellurium, chromium, molybdenum, tungsten, manganese, rhenium, iron, cobalt, nickel and rare-earth metals. 
Halides of alkali metals and alkaline-earth metals are particularly preferred. Chelating reagents for use in the 
process of JP-A-60-1 39 659 are described as being compounds having two or more coordinate groups in one 
llgand. One of the coordinate groups is preferably a tertiary amino group, a nitrogen-containing aromatic ring 
35 or an oxlme. Oxidising agents are preferably molecular oxygen and/or organic nltro compounds, with molecular 
oxygen being especially preferred. 

Further reliance on the use of metal halides as co-catalysts or promotors can be found, for example, In 
Japanese patent application publication No. 58-144 363 (JP-A-58-144 363) which discloses a process for the 
preparation of ureas comprising reacting a primary or secondary amine with carbon monoxide in the presence 
40 of oxygen using a catalyst system containing at least one of the platinum group of metals or compounds thereof 
and at least one halogen compound. Preferred platinum group metals are said to be palladium and rhenium. 
Preferred halogen compounds are stated to be metal halides. halogenated onium compounds or compounds 
capable of producing halogenated onium compounds, or organic halogenises. A catalyst system comprising 
palladium black and cesium iodide is specifically exemplified. 
45 Surprisingly, it has been found that a palladium catalyst which comprises a ligand and which, contrary to 
the teaching of the prior art discussed above, is not reliant on the presence of a halide as a co-catalyst can 
be used to prepare certain ureas in high yields, whilst at the same time overcoming the problems associated 
with using a metal halide as co-catalyst. 

According to the present invention there is provided a process for preparing aromatic ureas having the 
so general formula I: 




N - C - M 
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wherein each of R' and R* independ ntly represents a hydrogen atom, or an alkyl or cycloalkyl group, R 2 rep- 
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resents an optionally substituted aryl or heteroaryl group, and R 4 represents an alkyl, alkenyl, alkynyl or aikoxy 
group, or an optionally substituted cycloalkyl, aryl or heteroaryl group, which process comprises reacting an 
aromatic amine having the general formula II: 




(ID 



wherein R 1 and R 2 are as hereinbefore defined, or a symmetrical aromatic urea having the general formula III: 




(III) 



wherein R 1 and R 2 are 83 hereinbefore defined, with an amine heving the general formula IV: 




(IV) 



wherein R* and R* are as hereinbefore defined, carbon monoxide and oxygen in the presence of a catalyst 
comprising: 

a) palladium; 

b) an organo-nitrogen or org a no- phosphorous ligand having a lone pair of electrons; and 

c) a metal salt comprising a cation of a metal selected from the group consisting of copper, iron, vanadium, 
chromium, zinc, tin, uranium and cerium, and an anion of an acid having a pK of less than 2, except of a 
hydrohalogsnic acid. 

The starting materials for the process of the present invention may comprise an aromatic amine or a sym- 
metrical aromatic urea or a combination of an amine and its corresponding symmetrical urea. 

Alkyl and aikoxy groups preferably have from 1 to 12 carbon atoms, especially 1 to 6 carbon atoms. Alkenyl 
and alkynyl groups preferably have from 2 to 12 carbon atoms, especially 2 to. 6 carbon atoms. Cycloalkyl 
groups preferably have from 3 to 10 carbon atoms, especially 3 to 8 carbon atoms. Alkyl, aikoxy, alkenyl and 
alkynyl groups may be straight chain or branched. 

Optional substhuents for cycloalkyl, aryl and heteroaryl groups may be independently selected from halo- 
gen atoms, especially fluorine, chlorine and bromine and alkyl. haloalkyl. aikoxy. carboxy, carbonyloxy, ami- 
nocarbonyloxy groups, and aryl and heteroaryl groups themselves optionally substituted by one or more sub- 
stituents selected from halogen atoms and alkyl. haloalkyl and aikoxy groups. Alkyl. haloalkyl and aikoxy groups 
when present as substituents preferably have from 1 to 4 carbon atoms especially 1 or 2 carbon atoms. 

Preferably each of R 1 and R s independently represents a hydrogen atom, a alkyl group or a Cj_* cy- 
cloalkyl group. Most preferably each of R 1 and R 3 independently represents a hydrogen atom or methyl. 

Preferably R 2 represents an optionally substituted phenyl group or nitrogen-containing heteroaryl group, 
for example isoxazolyl, triazinyl and oxadiazolyL Most preferably R 2 represents a phenyl group bearing one or 
more substituents selected from halogen atoms, especially chlorine and bromine, alkyl, especially methyl, ai- 
koxy, especially methoxy. and haloalkyl, especially trrfluoromethyl. 

R* preferably represents an alkyl, aikoxy, alkenyl or alkynyl group or an optionally substituted cycloalkyl 
or phenyl group. Most preferably R 4 represents a methyl or methoxy group or a phenyl group bearing one or 
more substituents selected from halogen atoms, especially chlorine or bromine, alkyl, especially methyl, aikoxy, 
especially methoxy and haloalkyl. especially trif luoromethyl. 

Aromatic ureas of particular convnerciai sig nif icance are those having herbicidal activity. Exampl es of such 
aromatic ureas include N'-(4-chlorophenyl)-N,N-dimethylurea ( N , -(3.chloro.4-methylphenyl)-N,N-dimethylur- 
ea, N , -[4-(4-methoxyphenoxy)phenyll-N,N-dimethylurea. N43.4-dichlorophenyl)-N.N-dimethylurea. N'-[5- 
(1,1-dimethylethyl)-3-isoxazolyl]-N,N-dimethylurea, N'-(3,4-dichlorophenyl)-N-methoxy-N-methylurea, N*-(4- 
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bromophenylJ-N-methoxy-N-methyiurea, N'-(3,4-dichlorophenyl-N-butyl-N-methylurea, N-[(4-chlorophe- 
nyl)methyl]-N-cydopentyl-N'-phenylurea t N^-methylcyclohexylJ-N-phenylurea. 

Therefore, the process of the present invention is particularly useful when the aromatic amine, and/or sym- 
metrical aromatic urea, and the amine are selected to produce such a compound. 

5 The aromatic amines, symmetrical ureas, and primary and secondary amines used as starting materials 
in the process according to the present invention are either commercially available compounds or can be read- 
ily obtained by standard preparative methods. 

The process of the present Invention Is carried out In the presence of a catalyst comprising palladium. The 
palladium may be present in the form of palladium metal, preferably deposited on an inert carrier, for example 

io alumina or carbon. 

Alternatively, the palladium may be present as palladium compounds, in particular complexes or salts of pal- 
ladium. If the palladium is presentas a palladium compound, the compound is preferably soluble in the reaction 
mixture. 

Suitable palladium salts include palladium chloride, palladium bromide, palladium iodide and palladium car- 
15 boxyiates, for example palladium acetate, palladium propionate and palladium isobutyrate. The preferred salts 
are palladium carboxylates. Especially preferred is palladium acetate. Examples of suitable complexes of pal- 
ladium include palladium acetyl aceton ate, sodium tetrachloropaltadate. potassium tetrachloropalladate, and 
potassium tetraiodopailadate. 

The quantity of palladium used in the process is not critical, but is conveniently in the range of 0.001% 
20 w/w to 10% w/w palladium metal and/or palladium compound, in particular in the range of 0.005% w/w to 3% 
w/w palladium metal end/or palladium compound, calculated on the amount of aromatic amine or symmetrical 
aromatic urea present. 

The catalytic system further comprises an organo-nitrogen or organo-phosphorous ligand having a lone 
pair of electrons. 

25 Suitable organo-phosphorous ligands which may be used in the process of the present invention include 
phosphites and tertiary phosphines of the general formula P.OR*.OR> OR 6 or PR*R b R c , wherein each of R-, 
R* and R ft independently represents an alkyl, cycloalkyi, aryt, alkaryl or aralkyl group each having up to 10 car- 
bon atoms, optionally substituted by one or more substituents selected from fluorine and chlorine atoms, alkoxy 
and aryloxy groups each having up to 10 carbon atoms, in particular methoxy and phenoxy groups, cyano 

30 groups, and groups of formula -PR a R b ; or R* and R b together with the interjacent heteroatom together represent 
a heteroaryl group. Preferred monodentate organophosphorus compounds include trimethylphosphine, trie- 
thylphosphine. tri-n-butylphosphine and triphenytphosphine. Examples of suitable bidentate phosphorus-con- 
taining ligands are 2-dimethyl.2-(methyldiphenylphosphino)-1 t 3.di(diphenylphosphino)propane, tetramethyl 
dlphosphlnoethane, tetramethyl diphosphlnopropane, tetraethyl dlphosphlnoethane, tetrabutyl dlphosphlno- 

35 ethane, dimethyl diethyl dlphosphlnoethane, tetraphenyl dlphosphlnoethane, tetraperfluorophenyl dlphosphl- 
noethane, tetraphenyl diphosphinopropane, tetraphenyl diphosphinobutane, dimethyl diphenyl diphosphlno- 
propane, tetratolyl dlphosphlnoethane, dltolyl diphenyl dlphosphlnoethane, tetratrlfluoromethyl dlphosphlno- 
tetrafluoroethane, tetraphenyl dlphosphlnoethene and derivatives thereof and 1,2-bls-(dlphenylphosphl- 
no)benzene and derivatives thereof. Preferred are tetraphenyldiphosphinobutane, tetraphenyl diphosphino- 

40 ethane and tetraphenyl diphosphinopropane. 

Organo-nitrogen ligands which may conveniently be used in the process of the present invention include 
mono-, bi-, or poly-cyclic systems containing one or more nitrogen atoms. Systems containing 1 or 2 nitrogen 
atoms are preferred. Such cyclic organo-nitrogen compounds are preferably those having the general formula 
VorVI: 



45 



SO 
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/\ A 

N - C - C * N (V) 



M - CH (VI) 



wherein each of X and Y, which, in formula V, may be th same or different, represents a bridging group con- 
taining 3 or 4 atoms in the bridge of which at least 2 are carbon atoms. Any atoms in the bridging groups X 
and Y other than carbon atoms are preferably nitrogen atoms. In compounds having the general formula V, X 
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and Y may be bound to each other by means of a connection in addition to that already formed by the carbon 
atoms shown in formula V. X and Y in formula V are preferably the same. The cyclic systems of formula V and 
VI are pr ferably aromatic. Preferred orga no-nitrogen ligands are those having the general formula V. 

Specific examples of suitable organo-nitrogen compounds include pyrrole, pyridine, pyrimidine, phenan- 

5 throlin , pyrazine, benztriazole. 2,2*-dipyridyt. 2.2'-biquinoiine, bis-pyridylketone, bis-pyridylglyoxal, and their 
alkyt-substituted derivatives. Analogous compounds containing other substituents, for example sulphonyl, car- 
bonyl, alkoxy and hallde moieties may also be used, The preferred compounds are 1,10-phenanthrollne, 2,2'- 
dlpyridyl, pyridine and alkyl-substitjuted pyridines such as the various picolines, for example alpha-pteollne. 
Preferred ligands are bidentate ligands, the nitrogen based ligands being especially preferred. The most 

io preferred ligands are 1 .1 0-phenanthroilne and 2,2'-dlpyrldy1. 

The ligand is generally present in a sufficient amount to give a molar ratio of iigand to palladium metal 
and/or patladium compound of from 0.5:1 to 30:1 preferably of from 5:1 to 20:1. 

The catalytic system used in the process of the present invention further comprises a metal salt comprising 
a cation of a metal selected from the group consisting of copper, iron, vanadium, chromium, zinc, tin, uranium 

15 and cerium. The preferred metals are copper, iron, chromium and uranium. Most preferred are the cations of 
copper, especially the copper (II) cation. The metal salt further comprises an anion of an acid having a pK of 
less than 2. except an anion of a hydrohaiogenic acid. Preferred anions are those of sulphuric acid, fluoroboric 
acid, p-toluene sulphonicecid and alkyl substituted derivatives thereof, and perchloric acid. The most preferred 
anion is that of p-toluene sulphonic acid. Other anions that may also be used include those of benzene sul- 

20 phonic acid, naphthalene sulphonic acid. 2.4.5-trichlorobenzene sulphonic acid, or corresponding bromo- and 
fluoro-analoguea. 

Examples of suitable metal salts include copper (I) tosyiate, copper (II) tosylate, copper (II) chlorate, iron 
(II) chlorate, copper (II) f luoroborate, tin (IV) sulphate and uranium (IV) sulphate. The most preferred metal salt 
is copper (II) tosylate. 

25 Aromatic ureas are prepared by reacting an aromatic amine or a symmetrical aromatic urea with a primary 
or secondary amine, oxygen and carbon monoxide in the presence of the catalytic system described above. 

All of the amine to be reacted may be present, with the aromatic amine or symmetrical aromatic urea, at 
the start of the reaction. However, it is preferred that the amine is added continuously or portionwise during 
the period of the reaction. Continuous addition of the amine is especially preferred. 

30 The preferred rate of supply of the amine to the reaction mixture will depend upon the particular reactants 
and reaction conditions selected, and is readily determined by routine experimentation. 

Preferably the amine is supplied over at feast 40%, more preferably at least 50% of the period of the re- 
action. In certain cases it may be advantageous to supply the amine over at least 80%, and even up to 100% 
of the period of the reaction. 

35 The amine may be supplied In a molar amount less than the molar amount of the aromatic amine, but pre- 
ferably in a molar amount at least equal to the molar amount of the aromatic amine. 

Carbon monoxide and oxygen may be supplied by passing the gases into the reaction mixture during the 
period of the reaction, preferably throughout the period of the reaction. Oxygen may be supplied tn the form 
of pure oxygen gas or an oxygen-containing stream, most conveniently as air. The oxygen and carbon monoxide 

40 streams may be supplied separately to the reaction mixture or. alternatively, may be combined. Typically a com- 
bined stream of carbon monoxide and air for supplying to the reaction mixture contains about 85% vol carbon 
monoxide and about 15% vol air. 

The reaction may be performed in the presence of a solvent. Suitable solvents include any unreactive or- 
ganic solvent, such as halogenated hydrocarbons, for example chloroform, 1 ,2-dichloroethane, chlorobenzene 

4$ and the three dichlorobenzenes; hydrocarbons, for example hexane, cyclohexane, octane, benzene, toluene 
and the three xylenes; ethers, for example diethyl ether, tetrahydrofuran, dioxane and anisole; and esters such 
as ethyl acetate. Preferred solvents are xylene, chlorobenzene, and the three dichlorobenzenes. A particularly 
preferred solvent is 1,2-dichlorobenzene. 

The process is preferably effected at a temperature up to 175°C. Preferred temperatures are in the range 

so of from 70°C to 1 60°C, particularly 1 00°C to 150°C. The process may be carried out at atmospheric pressure 
except when the desired operating temperature exceeds the boiling temperature of the reaction mixture, when 
it will be necessary to employ elevated pressures. However, the process is preferably carried out at elevated 
pressures, for example up to 150 bar, more preferably in the range of from 3 to 50 bar. 

The present invention will be further illustrated by the following Examples. Products of the process were 

55 identified by high performance liquid chromatography (HPLC) via comparison with authentic samples. 
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Preparation of Palladium acetate/copper tosylate/2,2'-dipyridyt catalyst 
Copper (II) tosyiate was prepar d using the following procedure: 

P-toluenesulphonic acid (20g) was added to water (500ml) and the resulting solution stirred whilst heating 
5 to 50°C. Powdered copper (II) hydroxide was slowly added to the solution during which the pH of the solution 
was monitored. Addition of the copper (II) hydroxide was stopped when the pH of the solution reached 7 (after 
the addition of about 10g of hydroxide). The resulting mixture was cooled to ambient temperature (20°C) and 
filtered. The solvent of the filtrate was evaporated leaving a solid residue. The residue was dried In a vacuum 
oven at 40°C to give green- blue crystals of copper (II) tosyiate containing approximately 1 0% water in a yield 
io of21g. 



Example 1 



Preparation of N'-(4-chlorophenyl)-N,N-dimethylurea 



15 



Nitrogen was passed through a stainless steel autoclave to render the atmosphere within the autoclave 
inert. Palladium acetate (0.25mmoles; 0.056g), copper (II) tosyiate (O.Smmoles; 0.202g) and 2.2'-dipyridyl 
(2.5mnoles; 0.42g) were dissolved in 1 ,2-dichlorobenzene (70ml) and added to the autoclave. 4-chloroaniline 
(25mmoles; 3. 1 9g) was added and the resulting mixture heated to 1 30°C. Amixture of 85% vol carbon monoxide 
20 and 1 5% vol air was flushed through the resulting mixture at a pressure of 6 bar and at a flow rate of 6 Nl/hour. 
The reaction was allowed to proceed for 6 hours, after which time the conversion of 4-chloroaniline was 65%. 
The supply of the carbon monoxide/air mixture was removed and the resulting mixture was allowed to stand 
overnight at ambient temperature (20°C). The mixture was reheated to 130°C and a mixture of 65% vol carbon 
monoxide and 15% vol air once again passed into the reaction mixture at a pressure of 6 bar. A solution of 
2S dimethylamine (25mmoles; 1 . 1 25g) in 1 ,2-dichlorobenzene (8ml) was continuously added slowly over a period 
of 4 hours. After addition of the dimethylamine had been completed, the reaction mixture was stirred for a far- 
ther 2 hours. After this time, the resulting mixture was analysed by HPLC. The analysis showed a 90% con- 
version of 4-chloroaniline yielding a product mixture comprising N , -(4-chlorophenyl)-N,N-dimethylurea and 
N,N*-bis(4-chlorophenyl)urea in a yield of 15mmoles and 2 mmoles respectively. 



30 



Example 2 

Preparation of N , -(5«(1,1-dimethylethyl>3-isoxazoly1)-N,N-dimethylurea 

35 Nitrogen was passed through a stainless steel autoclave to render the atmosphere within the autoclave 
inert. Palladium acetate (0.5mmoles; 0.112g), copper (II) tosyiate (Immole; 0.408g) and 2,2'-dipyridy1 
(Sirmoles; 0.84g) were dissolved In 1,2-dlchlorobenzene (200ml) and added to the autoclave. 5-(1.1-dlmethy- 
lethyl)-3-lsoxazoleamlne (51.8mmoles; 7.25g) was added and the resulting mixture heated to 140«C. Amixture 
of 85% vol carbon monoxide and 15% vol air was passed into the resulting mixture at a pressure of 11 bar and 

40 a flow rate of 6 Nl/hr. A solution of dimethylamine (51mmoles; 2.3g) in 1,2-dichlorobenzene (16ml) was con- 
tinuously added slowly over a period of 6 hours. Once addition of the dimethylamine solution had been com- 
pleted, the resulting mixture was analysed by HPLC. The analysis showed a 50% conversion of 5.(1,1-dime- 
thylethyl)-3-isoxazoleamine yielding ^-(^(l.l-dimethylethy^S-isoxazolytJ-N.N-dimethylurea and N,N*-bis 
(5-(1 t 1-dimethylethyl)-3-isoxazolyl)urea in a yield of 13 mmoles and 3.5mmoles respectively. 
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Claims 

1. A process for preparing aromatic ureas having the general formula I: 



N - C - N (I) 



II \ 4 
R 2 ^ O R 



wh rein each of R 1 and R 3 independently represents a hydrogen atom, an alkyl or cycloalkyl group. R 2 
represents an optionally substituted aryl or heteroaryl group, and R 4 represents an alkyl. alkenyl, alkynyl 
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or alkoxy group, or an optionally substituted cydoalkyl, aryl or heteroaryl group, which process comprises 
reacting an aromatic amine having the general formula II: 

H - H (II) 

R 2/ 

io wherein R 1 and R 2 are as hereinbefore defined, or a symmetrical aromatic urea having the general formula 

III: 

R 1 ^R 1 
1S - C - (III) 



20 



2$ 



wherein R 1 and R a are as hereinbefore defined, with an amine having the general formula IV: 



N - H (IV) 



wherein R 3 and R 4 are as hereinbefore defined, carbon monoxide and oxygen in the presence of a catalyst 
comprising: 
a) palladium; 

30 b) an organo-nitrogen or organophosphorous ligand having a lone pair of elections; and 

c) a metal salt comprising a cation of a metal selected from the group consisting of copper, Iron, vana- 
dium, chromium, zinc, tin. uranium and cerium, and an anion of an acid having a pKof less than 2. except 
of a hydro halogenic acid. 



35 



2. A process according to claim 1, wherein the catalyst comprises an organo-nitrogen ligand having the gen- 
eral formula V: 



40 



/ \ / \ 

N ■ C - C - H 



(V) 



In which X and Y represent the same or different bridging groups each of which has 3 or 4 atoms In the 
bridge, of which atoms at least two are carbon atoms and which groups X and Y may be bound to each 
other by means of a connection in addition to that already formed by the carbon atoms shown in formula 
V. 

3. A process according to claim 1 or 2, wherein the catalyst comprises a salt or complex of palladium. 

4. A process according to any one of daims 1 to 3, wherein the metal salt comprises a cation of copper. 

5. A process according to any preceding claim, wherein the metal salt comprises an anion of the group con- 
sisting of sulphate, hydrocarbylsulphonates, fluoroborate and perchlorat . 

6. A process according to cleim 5, wherein the anion is tosytate. 

7. A process according to any preceding claim, wherein the reaction Is effected In the presence of a chlor- 
obenzene as solvent. 
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8. A process according to any preceding claim, wherein the pressure is in the range of from 3 to 1 50 bar. 

9. A process according to any preceding daim. wherein the temperature is in the range of from 70°C to 
160°C. 

10. A process accortlng to any preceding claim, wherein the carbon monoxide Is passed Into the reaction 
mixture continuously during the period of the reaction. 

11. A process according to any preceding claim, wherein the amine is supplied continuously or portionwise 
during the period of the reaction. 

12. A process according to claim 11, wherein the amine is supplied over at least 50% of the period of the re- 
action. 



Patentanspriiche 

1. Ein Verfahren zur Herstellung aromatischer Harnstoffverbindungen mit der allgemeinen Formel I: 

R 1 R 3 

- C - (I) 
f S ^R* 

in der jedes R 1 und R 3 unabhangig voneinander ein Wasserstoff atom, eine Alkyl- Oder Cycloalkylgruppe 
bedeutet, R 2 eine gegebenenfalls substituierte Aryi- oder Heteroaryigruppe ist und R 4 eine Alkyl-, Alkenyl-, 
Alkynyl- Oder Alkoxygruppe oder eine gegebenenfalls substituierte Cydoalky!-, Aryl- Oder Heteroaryi- 
gruppe darstellt, welches Verfahren die Reaktion eines aromatischen Amins mit der allgemeinen Formel 
II: 

R 1 



, » " H ("J 

R 

in der R 1 und R 2 wie vorstehend def iniert sind, oder einer symmetrischen aromatischen Harnstof fverbin- 
dung der allgemeinen Formel III: 

H - C - H f XTI) 

I Nr* ( * 

in der R' und R 2 wie vorstehend definiert sind. mit einem Amin der nachstehenden allgemeinen Formel 
IV: 

R 3 



V N - H (IV) 



in der R 3 und R 4 wie vorstehend definiert sind, 

sowie mit Kohlenmonoxid und Sauerstoff in Gegenwart eines Katalysators umfafct, der 
a) Palladium, 
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b) einen Grgano-Sticketoff- Oder Organo-Phosphor-Liganden mit einem einsamen Elektronenpaar und 

c) ein Metallsalz enthdlt. dasein Kation eines Metalls, ausgewahltaus der Gruppe. bestehend aus Kup- 
fer, Eisen, Vanadium, Chrom, Zink t Zinn, Uran und Cer, und ein Anion einer SSure mit inem pK-Wert 
von weniger ats 2. auegenommen ChlorwasserstoffsSure, umfaftt. 

2. Ein Verfahren gemaB Anspruch 1. in dem der Katalysator einen Organo-Stickstoff-Liganden der allge- 
meinen Formel V: 

A A 

M-C-C-K (V) 

umfa&t, in der X und Y gleiche Oder verschiedene Bruckengruppen mit jeweils 3 Oder 4 Atomeri in der 
Brucke darstellen, wobei von diesen Atomen mindestens zwei Kohlenstoffatome sind, und welche Grup- 
pen X und Y durch sine Verbindung zus§tzlich zu derjenigen miteinander verknupft sein kfinnen, die be- 
reits durch die in Formel V dargestellten Kohlenstoffatome gebildet wird. 

3. Ein Verfahren gemafc Anspruch 1 0der 2. in dem der Katalysator ein Salzoderein Komplex von Palladium 
umfa&t. 

4. Ein Verfahren nach irgendeinem der AnsprQche 1 bis 3. In dem das Metallsalz ein Kupferkatlon umfaSt 

5. Ein Verfahren nach irgendeinem der vorhergehenden AnsprQche, in dem das Metallsalz ein Anion aus 
der Gruppe umfa&t. die aus Sulfat. Kohlenwasserstoffsulfonaten, Fluorborat und Perchlorat besteht. 

6. Ein Verfahren nach Anspruch 5, in dem das Anion das Tosylat ist. 

7. Ein Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem die Reaktion in Gegenwart von 
Chlorbenzd als Losungsmittel durchgefuhrt wird. 

8. Ein Verfahren nach irgendeinem der vorhergehenden Anspruche. in dem der Druck im Bereich von 3 bis 
150 Barliegt. 

9. Ein Verfahren nach Irgendeinem der vorhergehenden AnspOche. In dem die Temperatur Im Bereich von 
70 °C bis 160 °C liegt. 

10. Ein Verfahren nach irgendeinem der vorhergehenden Anspruche, in dem das Kohlenmonoxid wShrend 
der Dauer der Reaktion kontinuierlich in die Reaktionsmischung eingeleitet wird. 

11 Ein Verfahren nach irgendeinem der vorhergehenden Anspruche. in dem das Amin wahrend der Dauer 
der Reaktion kontinuierlich oder anteilsweise zugespeist wird. 

12. Ein Verfahren nach Anspruch 11, In dem das Amln mlndestens wahrend 50 % der Dauer der Reaktion 
eingespeist wird. 



Revindications 

1. Proc6d6 de preparation d'urtes aromatiques ayant la formule g6n6rale I ; 



■I * 3 



H - C - H CD 



dans laquelle chaque R< et R> reprtsente independamment un atome d'hydrogene. ou un groupe alkyle 
ou cycloalkyle. R* represente un aryla eventuellement substitud ou un groupe heteroaryle. t R« repre- 
3 nte un groupe alkyle, alcenyle, alcynyle ou alcoxy, ou un groupe cydoalkyl , aryle ou heteroaryl , ce 
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precede comprend de faire r6agir une amine aromatique ayant la formula generate II ; 

K - I (II) 

dans laquelle R 1 et R 2 sonttelsque def inis ci-dessus, ou une ur6e aromatique symetrique ayant la for mule 
g6n6rale III 

H - C - K (III) 

dans laquelle R 1 et R 2 sont tels que d6finis ci-dessus, avec une amine ayant la formula g6n6rale IV : 



R 3 



^ - H (IV) 

dans laquelle R 3 et R* sont tels que ddfinis ci-dessus, avec du monoxyde de carbons en presence d'un 
catalyseur comprenant : 

a) du palladium ; 

b) un ligand organo-azote ou organo-phosphore ayant une paire deiectrons Isolde ; et 

c) un sel m6tallique comprenant un cation d'un metal choisi dans le groupe constitue du cuivre, fer, va- 
nadium, chrome, zinc, etaln, uranium et cerium et un anion d'un acide ayant un pK Inferleur d 2. sauf 
celui d'un aclde hydrohalogene. 

2. Proc6d6 selon la revendication 1 ,dans lequel le catalyseur comprend un ligand organo-azote ayant la for- 
mule V 

/ \ / \ 

H - C - C • H (V) 

dans laquelle X et Y sont des groupes de pontage identiques ou diffdrents, chacun d'eux ayant 3 ou 4 
atomes dans le pont, parmi ceux-ci deux au moins sont des atomes de carbone et les groupes X et Y 
peuvent etre relies au moyen d'une liaison en plus de celle d^JA formee par les atomes de carbone re- 
presentee dans la formula V. 

3. Precede selon la revendication 1 ou 2, dans lequel le catalyseur comprend un sel ou complexe de palla- 
dium. 

4. Procdde selon rune quelconque des revendications 1 a 3, dans lequel le sel metallique comprend un ca- 
tion de cuivre. 

5. precede selon I'une quelconque des revendications precedentes. dans lequel le sel de metal comprend 
un anion du groupe constitue des sulfates, hydrocartoylsulfonates, f luoroborate et perchlorate. 

6. ProcSde selon la revendication 5 ( dans lequel I'snion est le tosylete. 

7. Procede selon Tune quelconque des revendications precedentes, dans lequel la reaction est effectuee 
en presence d'un chlorobenzftne comm solvant 
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8. Proc6d6 salon Tune quelconque des revendications precSdentes, dans lequel ta pression est dans Tin- 
tervallede3d 150 bar. 

9. Proc6d6 seion Tune quelconque des revendications precedentes, dans lequel la temperature est dans I'in- 
5 tervallede70 o CA160°C. 

10. Proc6d6 seton Tune quelconque des revendications precddentes, dans lequel on fait passer en continu 
le monoxyde de carbone dans le melange reactionnel pendant la duree de la reaction. 

11. Proc6d6 selon Tune quelconque des revendications precWentes dans lequel on fait arriver I'amine en 
10 continu ou par portions pendant la duree de la reaction. 

12. Proced6 selon la revendication 1 1 , dans lequel on fait arriver Tamine pendant au moins 50% de la duree 
de la reaction. 

13 



20 



35 



30 



35 



40 



45 



SO 



11 



